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ABSTRACT
Analysis of Environmentally Friendly Marking Ink for Military Equipment and
Electronics
Liang C. Li
Recent advancements in corrosion-resistance coating technology has reduce the use of
environmentally harmful compounds such as Hexavalent Chromium by replacing
Hexavalent Chromium in primers and topcoat. However, marking inks were neglected in
the process. Products such as Enthone 50 series are still widely used, which contain
compounds such as lead, hexavalent chromium, bisphenol A (BPA), Cadmium Sulfide,
and more. Excluding catalyst compositions in Enthone, the chemicals in the ink alone
contained three reproductive toxicant and numerous carcinogens. Therefore, it was
essential to search and validate the performance of potential marking ink that would meet
the standards in military applications.

Eleven products were tested, and two products were recommended for use: Sherwin
Williams MIL-PRF-22750 Type I and Union Ink Uniglaze. Both products contain at most
one carcinogen ingredient and no reproductive toxicant. Both products passed MIL-STD
202G Method 215K solvent test, MIL-STD 202G Method 107G thermal shock test, MILSTD-810G, Method 507.5 humidity test, cleaning system test, ASTM D3359, measure
adhesion by tape test.
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Chapter 1 - Introduction
Traditionally, aerospace coatings have been formulated for performance and corrosion
resistance. In the 1950’s, compounds such as hexavalent chromium were largely
commercialized as a way to enhance the corrosion resistance. [1] Along with hexavalent
chromium, other compounds such as lead, cadmium, and phenol solvents were also used
in these coating and marking applications. Since then, the basic technology has
essentially remained unchanged, while the environmental and toxicological hazardous of
hexavalent chromium, cadmium, and lead have become well documented and regulations
have eliminated some of these compounds from commercial and residential use; the use
of these compounds can still be found in military applications.

In the past decade, there has been a growing interest to replace these compounds. This is
partly due to ELV, RoHS, WEEE and REACH legislations in the EU. These regulations
imposed international restrictions: ELV, the directive on End-of Life Vehicle 2000/53/EC
is the first EU waste directive to prevent the use of certain heavy metals such as
cadmium, lead, mercury, and hexavalent chromium for vehicles sold after July 2003. This
was officially adopted by the European Parliament and Council in September 2000. The
RoHS, Restriction of Hazardous Substances Directive 2002/95/EC, directive took effect
on July 1, 2006. The directive restricted the sale of electronic equipment with the use of
six substances: lead, mercury, cadmium, hexavalent chromium, polybrominated
biphenyls, and polybrominated diphenyl ether from being used in the manufacturing of
various types of electronic and electrical equipment. The WEEE, Waste Electrical and
1

Electronic Equipment, directive set collection, recycling, and recovery targets for all
types of electronics. The directive took effective August 13, 2005. REACH,
Registration, Evaluation, Authorization and Restriction of Chemicals, is a
comprehensive regulation for tracking, testing, and reporting on all chemicals used in the
EU that started back in early 2009. While ELV, RoHS and WEEE are exempt from the
defense sector, REACH is still effective toward defense sectors with an individual
member states in the EU granting substance-specific exemptions for national security
reasons. RoHS directive is also well known in the industry to be a temporary exemption
according to Journal of Military Electronics and Computing, “Even if military equipment
does remain exempt, since commercial component manufacturers and board makers
supply both the military and commercial electronics, programs will definitely be
affected.”

In the United States, regulations on these compounds are largely exempted in the defense
industry. However, with increasing international restrictions, stricter regulations will only
be a matter of time. In a memorandum from the Under Secretary of Defense to
Secretaries of Military Departments on April 8th, 2009, regarding minimizing the use of
hexavalent chromium stated,
Due to the serious human health and environmental risk related to its use, national
and international restrictions and controls are increasing. These restrictions will
continue to increase the regulatory burden and life cycle cost for DoD and decrease
material availability. OSD, DoD Components, and industry have made substantial
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investment in finding suitable replacements for hexavalent chromium for many of the
current DoD applications.[2]
This memo further directed the DoD military departments to take action by approving the
investment in appropriate research, as well as the development on substitutes and the use
of alternative where they can perform adequately for the intended application and
operating environment. (Please refer to Appendix A for complete memorandum.)

In 2011, a report was presented at the environment, energy security and sustainability
(E2S2) symposium, emphasizing the scope of the hexavalent chromium effort of the
DoD, Department of Defense. [3] The report stated the current and past hexavalent
chromium efforts:
•

Low-Cr Conversion Coating

•

NC Primer for C-130J OML

•

Non-chrome primer – C130J IML

•

Mg-Rich Treatment

•

Non-chrome, Low VOC Fuel Tank Coating (Mil Spec AMS-C-27725)

•

Barrier coat for F-16

The current generation of commercial aerospace polyurethane topcoats have an expected
service life of approximately 3-5 years. [4] In order to reduce the environmental impact
of stripping and repainting aircraft, it is ideal to replace all of the primer, topcoat, and
marking ink with formula free of chromium and other harmful agents. Marking ink is
indelible ink for marking purposes. In our case, it could be warning sign for tactical
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equipment, sub-assembly part labeling, and identification marking ect. While these
chromium treatments mentioned above are suitable for primer and coating, it does not
suit the purpose of marking ink as described in detail in the literature review session.
Marking ink is usually the last step of a work order; with the working conditions and the
size of parts, it does not allow users to use theses treatments mentioned above.

In this study, a wide variety of marking inks were investigated for the purpose of
replacing marking ink such as the Enthone 50 series ink, which is the most common
marking ink used at Raytheon, a major American defense contractor and industrial
corporation with core manufacturing concentration in weapons, military, and commercial
electronics. Enthone 50 series ink, a two component, epoxy-based screen printing ink, is
not compliant with any EU directive mentioned above. Enthone 50 series ink contains
harmful substances such as lead, hexavalent chromium, bisphenol A (BPA), Cadmium
Sulfide, solvent naphtha, 2-bytoxyethanol, tetraethylenepentamine, Ethylene Glycol
Butyl Ether, 2-Ethyl-4methlimidazole and much more. [5-16]

In order to find an alternative ink that “can perform adequately for the intended
application and operating environment,” stated by the Under Secretary of Defense, a
market research was conducted to discover the most suitable and environmentally
friendly marking ink available on the market. These samples were exposed to two phases
of tests: Phase I, solvent testing, Phase II, more solvent test, cleaning system test, and
accelerated life testing including thermal shock test and humidity test. This study will

4

address the effects of various environmental testing of marking ink to find an alternative
that can perform adequately with the intended purpose of marking military equipment
while reducing the usage of environmentally harmful chemical compounds and solvents.
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Chapter 2 - Literature Review
2.1

Environmental and Health Concerns

2.1.1

Lead

Lead is a naturally occurring element that is toxic to humans of all ages when ingested or
inhaled. Lead can be bioaccumlated. While small exposure may not seem harmful,
repeated exposure can build over time. In 1977, the Office of Information and Public
Affairs issued a final ban on lead-containing household paint, toys, and furniture. [17]
Due to the bioaccumulation effect, lead can cause permanent damage to human and
marine life. While it is a dangerous compound, most coatings nowadays do not contain
lead and it is no longer a main concern.

2.1.2

Cadmium and Hexavalent Chromium

Hexavalent chromium and cadmium compounds are extensively used in the coating to
protect industrial ferrous and nonferrous from corroding. Typically cadmium plating is
provided as an undercoat to chromate-base primers on steel to achieve a longer service
life. [18] Chromates are also used as pigments such as strontium chromate, and zinc
chromate. [19]

Both Cadmium and Hexavalent Chromium are carcinogenic and could be fatal if inhaled.
[12,14] OSHA, Occupation Safety and Health Administration, estimated that 558,000

6

workers are potentially exposed to hexavalent chromium annually. They are typically
exposed in the following area:
•

Welding and “hot work” on stainless steel and other metals containing chromium

•

Use of pigments, spray paints and coatings

•

Operating chromate plating baths [20]

On October 1, 2004 The Federal Register reviewed the Proposed Rule: Occupational
Exposure to Hexavalent Chromium; 29 CFR Parts 1910, 1915, 1917, 1918, and 1926.
[21] The author illustrated the danger of hexavalent chromium as follow,

Taking a 45-year working life from age 20 to age 65, as OSHA has always done
in significant risk determinations for previous standards, the Agency finds an
excess lung cancer risk of approximately 100 to 350 per 1000 workers exposed at
the previous PEL of 52 [mu]g/m3 Cr(VI). This risk is clearly significant, falling
well above the level of risk the Supreme Court indicated a reasonable person
might consider acceptable. Even assuming only a 20-year working life, the excess
risk of about 50 to 200 per 1000workers is still clearly significant. The new PEL
of 5 [mu]g/m3 Cr(VI) is expected to reduce these risks substantially, to below 50
excess lung cancers per 1000 workers. However, even at the new PEL, the risk
posed to workers with a lifetime of regular exposure is still clearly significant.
[22]
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Table 1- Selected OSHA Risk Estimates (Excess Cancers per 1000 Workers) [22]

The new 5 µg/m3 chromium regulation, however, does not apply to aerospace industry.
OSHA permissible exposure limit (U.S.) of Hexavalent Chromium in the aerospace
industry was only reduced to 25 µg/m3 of airborne chromium, calculated as an 8-hour
time-weighted average instead of 5 µg/m3 as shown in Table 1. If the average of the prior
and current risk are taken, assuming linear relationship, the new aerospace industry
cancer risk at the new PEL will yield 50-197 per 1000 workers. The calculation is shown
below. Followed by cadmium and benzene, which are also common among aerospace
painting operations. [22]
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µμg
  𝑎𝑡  𝑙𝑜𝑤𝑒𝑟  𝑒𝑥𝑡𝑟𝑒𝑚𝑒  
m3
µμg
µμg 101 10
𝑟𝑎𝑡𝑒  𝑜𝑓  𝑑𝑒𝑎𝑡ℎ  𝑎𝑡  52   m3 + 𝑟𝑎𝑡𝑒  𝑜𝑓  𝑑𝑒𝑎𝑡ℎ  𝑎𝑡  5   m3
+ 5
=
= 52
2
2
= 1.97

𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑐𝑎𝑛𝑐𝑒𝑟  𝑟𝑎𝑡𝑒  𝑝𝑒𝑟  1000  𝑝𝑒𝑜𝑝𝑙𝑒  𝑝𝑒𝑟  

!!

𝑁𝑒𝑤  𝐴𝑒𝑟𝑜𝑠𝑝𝑎𝑐𝑒  𝑙𝑜𝑤𝑒𝑟  𝑏𝑜𝑢𝑛𝑑  𝑅𝑖𝑠𝑘 = (1.97)(25 !!)= 50 per 1000 workers
µμg
  𝑎𝑡  𝑢𝑝𝑝𝑒𝑟  𝑒𝑥𝑡𝑟𝑒𝑚𝑒
m3
µμg
µμg 351 45
𝑟𝑎𝑡𝑒  𝑜𝑓  𝑑𝑒𝑎𝑡ℎ  𝑎𝑡  52   m3 + 𝑟𝑎𝑡𝑒  𝑜𝑓  𝑑𝑒𝑎𝑡ℎ  𝑎𝑡  5   m3
+ 5
=
= 52
2
2
= 7.875

𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑐𝑎𝑛𝑐𝑒𝑟  𝑟𝑎𝑡𝑒  𝑝𝑒𝑟  1000  𝑝𝑒𝑜𝑝𝑙𝑒  𝑝𝑒𝑟  

!!

𝑁𝑒𝑤  𝐴𝑒𝑟𝑜𝑠𝑝𝑎𝑐𝑒  𝑢𝑝𝑝𝑒𝑟  𝑏𝑜𝑢𝑛𝑑  𝑅𝑖𝑠𝑘 = (7.875)(25 !!) = 197 per 1000 workers
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2.1.3

Current Ink

The most common marking ink used at Raytheon is Enthone 50 series. Enthone 50 series
is a two-part, single stage polyurethane stencil ink. “Two-part” indicates the required
mixing of catalyst and ink prior to application and “single stage”, indicates that it only
requires one layer of application. It is best for marking ink to be single stage, as it’ll
reduce curing time and complexity of marking a product. Marking ink is typically applied
over a topcoat as displayed in Figure 1, or a corrosion resistance coating.

Figure 1- Layer of coating in aerospace applications.
Ideally, the Cr-free topcoat and Cr-free primer would be adequate for the aluminum
panels to be resistant to corrosion as marking ink isn’t applied to all parts of the
equipment. However, this doesn’t make the marking ink, such as Enthone 50 series, safe
in anyway, as shown in Table 2. There are numerous carcinogenic components, and three
of the components may even cause genetic mutations.

10

Table 2 - Harmful Chemical ingredients of Enthone 50 Series. [5-16]
Chemical Toxicological
Information

Carcinogenic

Lead Acute toxicity,
Suspected human
reproductive toxicant

Hexavalent Chromium

Bisphenol A

Cadmium Sulfide

2-bytoxyethanol
Present in Catalyst 9

IARC, International
Agency for
Research on
Cancer, Group 2B:
Possibly
carcinogenic to
humans
Toxic if swallowed or IARC Group 1 –
in contact with skin.
Carcinogenic to
Fatal if inhaled.
humans(Chromium
Suspected human
trioxide)
reproductive toxicant.
May cause
reproductive disorder.
Acute toxicity.
No component of
Overexposure may
this product present
cause reproductive
at levels greater
disorder(s) based on
than or equal to
tests with laboratory
0.1% is identified as
animals.
probable, possible
or confirmed human
carcinogen by
IARC
Toxic if swallowed.
IARC Group 1 –
Fatal if inhaled.
Carcinogenic to
May alter genetic
humans(Benzene)
material.
Toxic if swallowed.
No component of
Fatal if inhaled.
this product present
May cause
at levels greater
reproductive
than or equal to
disorders.
0.1% is identified as
May cause congenital probable, possible
malformation in the
or confirmed human
fetus.
carcinogen by
IARC

Naphtha No data

IARC Group 1 –
Carcinogenic to
humans(Benzene)
No component of
this product present

Tetraethylenepentamine Acute toxicity
Present in Catalyst 9
11

Environmental
Information
Toxicity to fish,
daphnia, algae,
and other
aquatic
invertebrates.
[15]
Toxicity to fish,
daphnia, and
other aquatic
invertebrates.
Long lasting
effects[14]
Toxicity to fish,
daphnia, algae,
and other
aquatic
invertebrates.
[13]

Toxicity to fish,
daphnia and
other aquatic
invertebrates[12]
Toxicity to fish,
daphnia and
other aquatic
invertebrates[11]

No data[10]
Toxicity to fish,
daphnia, algae,

2-Ethyl- Acute toxicity
4methlimidazole
Present in Catalyst 5

Ethylene Glycol Butyl Acute toxicity
Ether Overexposure may
Present in Catalyst 5 cause reproductive
disorder(s) based on
tests with laboratory
animals.

2.2

at levels greater
than or equal to
0.1% is identified as
probable, possible
or confirmed human
carcinogen by
IARC
No component of
this product present
at levels greater
than or equal to
0.1% is identified as
probable, possible
or confirmed human
carcinogen by
IARC
IARC Group 3: Not
classifiable as to its
carcinogenicity to
humans

and other
aquatic
invertebrates.
Long lasting
effects. [9]
Toxicity to
fish[8]

Toxicity to fish,
daphnia and
other aquatic
invertebrates[16]

New Solutions

New developments in the coating industry have led to more environmentally friendly
coating agents. [3] In the following section, each category of advancement will be
examined and evaluated for criteria of suitable marking ink purposes.

2.2.1

Low-Cr Conversion Coating

Alternatives to hexavalent conversation coating have existed since the 1970s, when they
were based on trivalent chromium compounds, and had been limited primarily to lower
performing coatings. [1] In 2013, a study was performed to test the corrosion resistance
and the electrical contact resistance (ECR) of a new generation of ‘true’ chromium free
12

conversion coatings as shown in Table 3. ECR was tested, as it is an integral part of the
resistance of the overall circuit of a device. If ECR is significantly smaller than the total
resistance of the circuit, it can impair the performance of a wide range of electric devices.
A salt spray test (SST) was performed according to ASTM B117. The test was performed
on AA2014-T3 and AA6082-T6 aluminum alloy with six different treatments of low-Cr
or Cr-free conversion coating. The results were that, “among the ‘true’ chromium free
treatments considered in this work, none can be considered a substitute for standard
chromate process because requirements of both the SST and ECR test have not been
satisfied”. [23] While requirements for SST were satisfied, the coating couldn’t be used
due to ECR. This result indicates the new generation of conversion coating is only
suitable for certain types of coatings that will not have contact with electronics.

Table 3 - Different treatments for alloys AA6082-T6 and AA2014-T3 with 6 availible
treatment. [23]
Different treatments for alloys AA2014-T3 and AA6082-T6
Treatments

AA2014-T3

AA6082-T6

Treatment 1: Cr III

X

X

Treatment 2: Talc

X

X

Treatment 3: Zr

X

X

Treatment 4: Talc + Ce

-

X

Treatment 5: Talc +KMO4

X

-

Treatment 6: NaOH + HNO3+ Talc + Ce

X

-
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Aside from the results, the coating process is highly unlikely to be used in a marking
application due to the treatment process, which requires samples to be submerged in
above room temperature, and pH as high as 11.5. These processes could damage the parts
for marking. [23]

2.2.2

Non-chrome Primer for C-130J OML & Non-chrome primer – C130J IML

Non-chrome, primer for C-130J OML include both water-borne and solvent-borne nonchrome primer for C-130J Outer Mold Line and Non-chrome, primer for C-130J IML
chrome primer for C-130J Inner Mold Line was developed by Lockheed Martin
Aeronautics Company, and funded by Lockheed and US Air Force, ASC.

Primer for C-130J OML’s performance actually exceeded chromate primers in a 3000
hour salt spray test. During the qualification test, the candidates finished as well as the
baseline finish. There was no discoloration, chalking, thickness changes, adhesion loss or
corrosion observed. [24] This product seemed to be an ideal candidate. However, because
it is a primer it required a topcoat, making this product a duel stage product.
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2.2.3

Mg-Rich Treatment

Mg-rich treatment is a primer capable of sacrificial protection. Due to Aluminum’s low
position in the galvanic series, it’s limited to anodic metals. [25] This work is capable of
protection of high strength aircraft Al alloy such as 2024 T-3 and 7075 T-6 without the
use of Chromium. However, these primer coatings need to be top-coated in order to
function properly and have a long field life. [26]

2.2.4

Non-chrome, Low VOC Fuel Tank Coating (Mil Spec AMS-C-27725)

Mil Spec AMS-C-27725 is a polyurethane coating developed in 1969. It includes two
classes, Class A and Class B. Class A is for general use in areas where air pollution
regulation does not exist. Class B is for limited use. In today’s environment, these
products are obsolete. [27]

2.2.5

Barrier coat for F-16

Figure 2 - Barrier coat encapsulating chrome primer. [3]
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As seen from Figure 2, Barrier coat’s purpose is to encapsulate chrome primer.
Therefore, it would not be suitable for marking purposes.
2.3

Adhesion of Marking Ink

2.3.1

Reliability of Marking Ink

Reliability of marking ink depends on several factors, and any combination of these
factors could attribute to failure. [28]
1. Poor or inadequate surface preparation and application of the paint to the substrate
2. Atmospheric effects
3. Structural defects in a paint film
4. Stresses between the bond and the substrate
5. Corrosion
Atmospheric effects, structural defects, stresses between bond and the substrate, are
largely dependent on the structure and the operating environment, while corrosion
depends on the chemical composition of the coating layers.

2.3.2

Surface Preparation and Adhesion

The surface preparation of the panels is critical in the adhesion of the marking ink. The
consequences of poor surface preparation will yield results such as peeling, flaking, and
delamination. The surface treatment needs to remove oils, dirt, grime, waxes, and loose
particulates. In addition, surface treatment methods could also improve the adhesion
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properties by increasing surface roughness and surface energy, and reducing other factors
that could trap unwanted particles between the substrate and the coating.

The adhesion of a coating is improved when a clean panel contains pores, holes, or
crevices. The roughness of the surface creates a mechanical anchor on the panel surface.
Thus, making the removal of the coating more difficult as shown in Figure 3.

Figure 3 - Before and after image of paint coat anchoring to the substrate.[28]
Increasing the surface roughness could increase the surface area, as well as the bonding
area by five times. [28] However, the effects of surface roughness are only possible if the
coating can penetrate completely into all the surface irregularities. If compete penetration
is not achieved, then there is less coating-to-interface contact. The typical method to
increase surface area on a panel is to use either wet or dry sanding with grit of 40-400.
[28] The grit size depends on the surface finish desired. Following the surface treatment,
the panel must be removed of residual dust or grit and then treated with either detergent
17

cleaning or solvent cleaning to remove the surface contamination by sanding. By sanding,
it is also possible to get rid of the corrosion of the substrate. However, this does not apply
to our case, due to the polymer coating that is already in place prior to the use of marking
ink.

There are several other surface treatments that could improve the adhesion of paints and
coatings:
1. Mechanical Treatments.
2. Chemical Treatments
i.

Sulfuric Acid-Dichromate Etch

ii.

Sodium Etch

iii.

Sodium Hydroxide

iv.

Sanitizing

v.

Phenol

vi.

Sodium Hypochlorite

3. Plasma Treatment
4. Flame Treatment
5. Corona Discharge
6. Primer [28]
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Most of these treatments are unsuitable for marking ink, simply because most product are
at the end of its production stage when it is being marked, and it is unrealistic to perform
these treatments that could damage the parts.

In addition to surface treatments, surface contamination is the major concern in the
adhesion of the coatings. The easiest and most common procedure is to remove surface
contamination by organic solvents such as acetone, methyl ethyl ketone, toluol, 1,1,1,trichloroethane, naphtha, and on occasion Freon. [28] The property of the organic
solvents will remove process oils, dirt, grime, waxes, and other particulates left behind by
sanding. These solvents are applied by simply wiping with a clean cotton pad in a
swirling motion on the panel to remove the undesired contaminates.
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Chapter 3 - Materials and Methods
3.1

Product Selection

In order to evaluate alternatives to replace products such as Enthone, 17 companies were
contacted to provide information about their eco-friendly product lines. The companies
selected represented a diverse group ranging from small to large companies and included
Domino and Leibinger from Europe.

•

Akzonobel

•

Marco Ink

•

DuPont

•

Sherwin Williams

•

Nazdar

•

Domino

•

Markem Imaje

•

Leibinger

•

American Marking

•

Nanotech

•

Sun Chemical

•

Independent Ink

•

DEFT

•

Union Ink

•

JanTech

•

Go Green World Products

•

Jetec

In total, 11 product lines were selected for testing.

•

AkzoNobel
1. Aerofine – a one compound low VOC, isocyanate free, waterborne topcoat.
2. Spray2Fix (Intergard 10301SC) – High solids epoxy primer.

•

DuPont
3. Industrial Strength – Ultra low VOC polyurethane enamel high gloss topcoat.
4. Imron 1.2 HG – High gloss waterborne polyurethane copolymer topcoat.
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•

DEFT
5. MIL-PRF-85285 – two compound polyurethane topcoat intended for use on
exterior application on aircraft and aerospace equipment.

•

American Marking
6. JS series – RoHS compliant solvent-based ink. (Acetone based)
7. WJ series – water-based pigmented environmentally-friend spray ink.

•

Sherwin Williams
8. KEM AQUA-BP Enamel – One component low HAPS and low VOC water
reducible enamel.
9. MIL-PRF 22750G Type I – 2.7 VOC compliant high solids two component
epoxy topcoat. Intended for use as a top coat of interior ground equipment.

•

Union Ink
10. Uniglaze – Two compound epoxy ink intended for application such as printed
circuit board markings and electronic equipment panels.

•

Go Green World Products
11. Green Polyurethane – Isocyanine polyurethane paint.

These product lines were selected due to their relative eco-friendly compositions. Of 11
products, there were 4 water-based products, 1 acetone-based product, 4 polyurethane
products, and 2 Epoxy products. Green Polyurethane and Aerofine were also iscyanatefree, a compound attributed to the cause of asthma, which is rarely found in the industry.
Of the 11 products, 2 were already being used in military applications and were selected
due to their relative eco-friendliness. The Uniglaze product line was being used by part of
Raytheon, and therefore served as a control.
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3.2

Methods

3.2.1

Evaluation of Metal Panels

Metal panels were evaluated for cleanliness prior to testing as shown in Figure 4. A
qualitative water break test, ASTM F22, a procedure approved by the Department of
Defense, was performed to determine if the surface contained any contaminates. This test
method detects the presence of hydrophobic (non-wetting) films on surfaces and the
presence of hydrophobic organic materials in process ambient. [29] A steady stream of
water was applied across the panel at a 45° angle. Panels were judged clean if the film of
water either did not break up or take a minute to do so. This is because water will bead up
when it comes in contact with hydrophobic surface contaminates. Acetone was used to
clean contaminated panels. This method is sufficient to provide a clean surface, but is not
as thorough as using a batch or vapor degreaser cleaning system. However, batch or
vapor degreaser cleaning systems are unpractical due to heat and moisture exposure to
electrical systems and the sheer size of assembled tactical equipment.
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Figure 4 – Water-break test, Left - contaminated panel, center- clean panel with
acetone, right - clean panel.

3.2.2

Painting Methodology and Curing Schedule

Clean panels were painted using the following steps:
Paint Instructions:
1. Clean panels with Acetone for at least 3 minutes.
2. Apply water onto the panel to confirm for surface cleanliness.
3. Arrange desired amount of stencils on the panel.
4. Use blue tape to secure the left and right sides of the stencils.
5. Use blue tape along with painter’s masking paper to cover unused stencils.
6. Airbrush the stencils two inches away from the panel and apply at a steady pace
for 2 passes (20-30 seconds). Dwelling time of the airbrush on the stencils vary
with different paints due to varying viscosities. Dwell times were determined
prior to painting the samples to produce a consistent thickness.
7. Pour away the unused paint and remove excess paint.
8. Pour airbrush cleaner and run airbrush for 3 minutes.
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9. Disassemble airbrush and clean with water.
10. Remove all masking paper once all paint has been applied.
11. Force cure the panels at 70 °C for 60 minutes.

Curing schedule of different materials varied due to varying composition (Appendix D).
Insufficient curing times resulted in improper samples. A longer curing time does not
adversely affect the paint. Epoxy paint has the longest average cure time (Appendix D);
therefore, 70 °C for 60 minutes was selected as the cure time.

It was observed that Green Polyurethane could not be applied using the airbrush due to its
high viscosity. As a result, Green Polyurethane was applied via brushing. Due to the
small size of the stencil, the numbers were deformed and the shape of the numbers were
not as defined as other samples.

3. 3

Design of Experiment

The selected marking inks were evaluated using the following performance standards:
1. Solvent resistivity.
2. Moisture resistivity
3. Discoloration due to high temperature.
4. Temperature related failures.
5. Cleaning system related failures.
6. Military requirements of marking ink. [30]
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Additionally, it would be beneficial for the implementation of these marking inks if the
marking ink could validate the various MIL-STD parameters recommended by the
Department of Defense. Therefore, most of these tests were derived from the
recommendations of many military standards.

Samples marking inks were sprayed on both sides, the back was M5541 T1 Class3
Chem-Filmed aluminum and the front was painted aluminum using M23377 T2 Class N
primer with M22750 or M85285 topcoats as shown in Figure 5. The samples were
applied using an airbrush and an 11-point font stencil provided by Raytheon. Each stencil
included 11 samples, and each sample consisted of one letter and a number that ranged
from 1 to 55. Each time the paint samples were applied, it would be covered with
masking paper and scotch blue#2093EL as shown in Figure 6.

In the following test, 6 panels were painted front and back, yielding 66 samples on
M5541 T1 Class3 Chem-Filmed aluminum and 66 samples on painted aluminum using
M23377 T2 Class N primer with M22750 or M85285 topcoats.
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Figure 5 – Top, 11-point font stencil provided by Raytheon, Bottom, M23377 T2 Class N
primer with M22750 or M85285 topcoats
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Figure 6 – Top, masking paper and scotch blue#2093EL. Bottom, stencil covered by
masking paper and scotch blue#2093EL on Al panel.

Testing consisted of two phases. Phase I determined if the material could pass a typical
polar-nonpolar solvent resistivity test described in MIL-STD202G method 215K. Phase
II, consisted of further solvent testing, a humidity test, a thermal shock test, and a
cleaning system test. These tests were designed to test the performance criteria of the ink.
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3.3.1

Solvent Resistivity:

During phase I of testing, MIL-STD 202G, Method 215K was used to reduce the possible
candidates. MIL-STD 202G, Method 215K verifies that marking and color will not
become illegible or discolored when subjected to solvent and processes normally used to
clean electronics. It also verifies that the component protective coatings and
encapsulation materials are not degraded to the point where electrical or mechanical
integrity is disturbed when subjected to solvents and processes normally used to clean
solder flux, finger prints, and other contaminants from printed-wiring and terminal-board
assemblies.

The original MIL-STD 202G included four solvent tests. Solvent II was removed from
the current MIL-STD, leaving three solvent tests in the MIL-STD. Solvent tests I and III
had the same procedures, while Solvent IV had a slightly different procedure.

Solvent I included 1 part isopropyl alcohol and 3 parts mineral spirits by volume. Solvent
III was an over-the-counter commercial terpene defluxer. Isopropyl alcohol, mineral
spirit, and terpene defluxer were bought off –the-shelf. Solvent IV was mixed in the lab
with 1 part propylene glycol monomethyl ether (PGME), 1 part monoethanolamine
(MEA) by volume, and 42 parts water by volume.
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Solvent I was maintained at a temperature of 25°C ±5°C.
1. The specimens will be completely immersed for 2.5-3.5 minutes in the specified
solution.
2. The bristle portion of the brush was dipped in the solution until wetted and the
specimen shall be brushed with normal hand pressure (approximately 2 to 3 ounce
force applied normal to the surface) for ten strokes on the portion of the specimen
where marking has been applied.
3. The brush stroke shall be directed in a forward direction across the surface of the
specimen being tested. Immediately after brushing, the procedure shall be
repeated two more times, for a total of three immersions.
4. After completion of the third immersion and brushing, the specimens shall be airblown dry.

Solvent III was maintained at a temperature of 25°C ±5°C.
1. The specimens were completely immersed for 2.5-3.5 minutes in the specified
solution.
2. The bristle portion of the brush was dipped in the solution until wetted and the
specimen was brushed with normal hand pressure (approximately 2 to 3 ounce
force applied normal to the surface) for ten strokes on the portion of the specimen
where marking had been applied.
3. The brush stroke was directed in a forward direction across the surface of the
specimen being tested. Immediately after brushing, the procedures were repeated
two more times, for a total of three immersions.
4. After the completion of the third immersion and brushing, the specimens were
rinsed in approximately 25°C water and all surfaces were air-blown dry.

Solvent IV was maintained at a temperature of 63°C to 70°C as shown in Figure 7.
1. The specimens were be completely immersed for 2.5-3.5 minutes in the specified
solution.
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2. The bristle portion of the brush was dipped in the solution until wetted and the
specimen was brushed with normal hand pressure (approximately 2 to 3 ounces of
force was applied normally to the surface) for ten strokes on the portion of the
specimen where marking had been applied.
3. The brush stroke was directed in a forward direction across the surface of the
specimen being tested. Immediately after brushing, the procedure was repeated
two more times, for a total of three immersions.
4. After completion of the third immersion and brushing, the specimens were rinsed
in approximately 25°C water and all surfaces were air-blown dry.

Figure 7 - Solution IV maintained at temperature of 63°C to 70°C
After the test, the panels were examined from a distance of at least six inches with normal
lighting without the aid of magnification. This was done to ensure that there no panels
were entirely or partially missing, faded, smeared, blurred, or shifted to the extent that
they could not be readily identified.
In phase II, additional solvent testing included jet fuel, hydraulic fluid, and ethylene
glycol coolant/de-icing fluids. These solvents are common solvents found in the
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aerospace industry and are commonly presented in the environment of tactical equipment.
In phase II, the procedures used were the same as Solvent I due to the common operating
temperature and that the exposure these additional solvents were not washed off with
water.

3.3.2

Thermal Shock & Color Discoloration Test

The purpose of this test is to determine the resistance of a part to temperatures at high and
low extremes. These conditions may be encountered in equipment operated continuously
in low temperature areas and high temperatures areas. Permanent changes in operating
characteristics and physical damage produced in thermal shock, principally results from
variation in dimension and other physical properties.

In thermal shock, we used MIL-STD 202G, Method 107G to simulate the closest
operating conditions of tactical equipment. Two extremes were considered: the coldest
part of the atmosphere, the area between the stratosphere and troposphere, tropopause,
which could reach as cold at -57 °C, and the upper bound, which was chosen as 125°C
due to operation conditions due to the heat produced by the engine and the environment.
In testing, a recovery time of 5 minutes, a dwell time of 30 minutes in each of the
chambers were established according to the weight of our panels, while the testing profile
was set to profile B due to the two temperature extremes as shown in Table 4 & 5.
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Ten cycles were run and results were based upon the change in color of each specimen to
ensure there were no discolorations due to high temperature.
Table 4 – MIL-STD-202G, Method 107G Exposure time in air at temperature extremes.
Weight of Specimen
1 ounce
Above 1 ounce to .3 pounds(28g to 136g), inclusive
.3 pounds to 3 pounds (136g to 1.36kg), inclusive
3 pounds to 30 pounds (1.36 kg to 13.6kg), inclusive
30 pounds to 300 pounds (13.6 kg to 136kg), inclusive
Above 300 pounds (above 136kg)
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Minimum time in
chamber (hours)
¼
½
1
2
4
8

Table 5 - MIL-STD-202G, Method 107G Thermal shock test conditions in air
environment.
Step Test
Condition
A
A-1
A-2
A-3
Temp
(°C)
1
-50 +0,-3
2
25 +10,-5
3
4

85 +3,-0
25 +10,-5

Step Test
Condition
D
D-1
D-2
D-3
Temp
(°C)
1
-50 +0,-3
2
25 +10,-5
3
4

350 +5,-0
25 +10,-5

Number
of cycles
5
25
50
100

Test
Condition
B
B-1
B-2
B-3
Temp (°C)

Number
of cycles
5
25
50
100

Test
Condition
C
C-1
C-2
C-3
Temp (°C)

Number of
cycles
5
25
50
100

see table 4
5 minute
maximum
see table 4
5 minute
maximum

-65 +0,-5
25 +10,-5

see table 4
5 minute
maximum
see table 4
5 minute
maximum

-65 +0,-5
25 +10,-5

see table 4
5 minute
maximum
see table 4
5 minute
maximum

Number
of cycles
5
25
50
100

Test
Condition
E
E-1
E-2
E-3
Temp (°C)

Number
of cycles
5
25
50
100

Test
Condition
F
F-1
F-2
F-3
Temp (°C)

Number of
cycles
5
25
50
100

see table 4
5 minute
maximum
see table 4
5 minute
maximum

-65 +0,-5
25 +10,-5

see table 4
5 minute
maximum
see table 4
5 minute
maximum

-65 +0,-5
25 +10,-5

see table 4
5 minute
maximum
see table 4
5 minute
maximum

125 +3,-0
25 +10,-5

500 +5,-0
25 +10,-5
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200 +5,-0
25 +10,-5

150 +3,-0
25 +10,-5

3.3.3

Humidity Test

Humidity test was perform to ensure the resistance of material to the effects of a warm
and humid atmosphere. Due to the vastly different operating environments of tactical
equipment, humidity resistance must be consider. Warm, humid conditions can occur
year-round in tropical areas, seasonally, in mid-latitude areas in combination to changes
in temperature and relative humidity. These Humidity test in DoD typically follows
environmental engineering considerations and laboratory tests standards, MIL-STD810G, Method 507.5, Humidity testing. In general there are two types of humidity
testing used in the Department of Defense: induced and aggravated.

“Induced” testing refers to storage and transit, and the typical test includes three unique
cycles that may occur during storage or transit. Exposure to these temperatures showed
drastically “lower” results when compared with the aggravated test.

Aggravated testing exposed samples to more extreme temperatures and humidity to
simulate the worst-case scenario environment. Purpose of aggravated test procedure is to
produce a representative effect that occurs when material is exposed to elevated
temperature-humidity conditions. These cycles typically don’t occur in nature or normal
operating parameter. Thus, a failure in the test doesn’t necessarily indicate failure in the
real environment.

In our test, ten cycles were run in the temperature-humidity profile in Figure 8, an
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aggravated test. Each cycle indicates a full 24 hours. The relative humidity was kept at 95
% and the temperature varied from 30°C to 60°C.

AGGRAVATED TEMPERATUREHUMIDITY CYCLE
% Relative Humidity

Temperature in Celcius

100
90
80
70
60
50
40
30
20
10
0
0

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

HOURS

Figure 8- Temperature/Humidity Profile of MIL-STD-810G, Method 507.5G

Procedure for Humidity Test:
Step 1. With the test item installed in the test chamber in its required configuration, adjust
the temperature to 23 ± 2°C (73 + 4°F) and 50 ± 5 percent RH, and maintain for no less
than 24 hours.
Step 2. Adjust the chamber temperature to 30°C (86°F) and the RH to 95 percent.
Step 3. Expose the test item(s) to at least ten 24-hour cycles ranging from 30-60ºC (86140°F). Unless otherwise specified in the test plan, conduct a test item operational check
(for the minimum time required to verify performance) near the end of the fifth and tenth
cycles.
35

Step 4. At the completion of 10 or more successful cycles, adjust the temperature and
humidity to 23 ±2°C (73 + 4°F) and 50 ± 5 percent RH, and maintain until the test item
has reached temperature stabilization (generally not more than 24-hours).
Step 5. Perform a thorough visual examination of the test item, and document any
conditions resulting from test exposure.
Step 6. Conduct a complete operational checkout of the test item and document the
results. See paragraph 5 for analysis of results.
Step 7. Compare these data with the pretest data

3.3.4

Cleaning System Test

Aside from accelerated environmental testing, the test subject must also be able to
withstand typical cleaning systems used in military facilities. In our testing, panels were
sent to military facilities provided by Raytheon to be tested. Testing include:
•

Branson B-series Degreaser with ultrasonic using Asahiklin AK-225T solvent.

•

Aqueous Technologies Trident batch cleaning system using Kyzen A4615

Asahiklink AK-225T solvent is a vapor degreaser that’s designed to replace
chlorofluorcarbon, perfluorcarbon, and other hydrochloroflurocarbon. It’s ideal for
general and precision cleaning.

Kyzen A4615 is a MEA-free aqueous blend specially designed for electronics processes
for removal of some lead-free flux, tacky flux, misprinted paste, no clean flux, RMA
flux, OA paste, oils, finger prints, light oxides.
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Samples were run 3 times in each system to simulate worst-case conditions before parts
were reworked and run through more than once.

3.3.5

Military Marking Ink Requirement

MIL-STD-130N, Department of Defense standard practice identification marking of U.S.
military property determines the clarification, insight, guidance, and marking criteria
regarding implementation of machine-readable information (MRI) for identification
marking of U.S. military property and automatic data capture. This MIL standard
provides the criteria by which product designers develop specific identification marking
requirements for items: the marking content, size, location, application processes, and
any product definition data that the marking be in accordance with this standard. For our
purposes, the primary interest of MIL-STD-130N is if the samples are capable of
producing minimum character heights of 6 pts or .08-inch height fonts.
3.3.6

ASTM D3359 Tape Test

In addition to accelerated life testing, the samples were also tested by tape test described
in ASTM Designation: D3359 – 97, a common test intended to test for paint adhesion.
Due to the size of our samples, Test Method A was used, “An X-cut is made in the film
to the substrate, pressure-sensitive tape is applied over the cut and then removed, and
adhesion is assessed qualitatively on the 0A-5A scale in the analysis of the paint.” The
apparatus used was razor blade and one-inch wide pressure-sensitive tape with an
adhesion strength agreed upon by Raytheon. The adhesion in accordance with the
following scale:
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•

5A No peeling or removal

•

4A Trace peeling or removal along incisions or at their intersection

•

3A jagged removal along incisions up to 1/16 in. on either side

•

2A jagged removal along most of incision up to 1/8in. on either side

•

1A removal from most of the area of the X under the tape

•

0A removal beyond the area of the X.[31]
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Chapter 4 –Results and Analysis

4.1

Phase 1 Test Result

In phase 1, painted panels were exposed to solvents in MIL-STD 202G method 215k and
the procedures can be summarized in Table 6.
Table 6 - Summary of testing procedure of MIL-STD 202G Method 215K
Testing Procedure
Solvent I: Solvent II:
Alcohol
Terpene
and
defluxer
Mineral
Spirit
1. Maintain solution temperature (°C)
20-30
20-30
2. Immerse sample for 3 minutes
X
X
3. Brush with normal hand pressure (ten
X
X
strokes)
4. Repeat twice
X
X
5. Rinse in 25(°C) water
X
6. Air dry
X
X

Solvent III:
PGME,
MEA,
Water
63-70
X
X
X
X
X

11 product lines were tested, all of which were painted with red and black, except for
DuPont 1.2 HG and Green Polyurethane. DuPont 1.2 HG and Green Polyurethane was
tested in white due to the delay and out of stock.

The panels were examined from a distance of at least 6 inches with normal lighting and
without the aid of magnification for partially of fully missing plates, faded, smeared,
blurred, or shifted to the extent that they cannot be readily identified. Of the 11 products
tested, 5 passed all 3 solvent tests. The results were very definite, due to the way the
paints failed in Table 7. The results were also analyzed similarly in Figure 10 for
discoloration using DigitalColor Meter. However, the results were inconclusive due to
lighting sensitivity and lack of difference in the colors.
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As shown in Table 7, The 4 water-based products, American Marking WJ series,
Akzonobel Aerofine, DuPont 1.2 HG, and Sherwin Williams AQUA-BP, failed Solvent I,
alcohol and mineral spirit solution. When exposed to solvent 1, the water-based products
were able to be brushed off easily. The acetone-based, American Marking JS series also
failed the test. After 3 exposures, missing markings and faded letters are clearly visible.
Akzonobel Spray2Fix also failed due to faded letters. (Please refer to Appendix E for raw
results)

40

Table 7 – Snapshot of samples in Phase 1 Testing
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Of the 11 product lines tested, 5 product line remain as shown in Table 8.
•

DuPont Industrial Strength – Ultra low VOC polyurethane enamel high gloss
topcoat.

•

DEFT MIL-PRF-85285 – two compound polyurethane topcoat intended for use
on exterior application on aircraft and aerospace equipment.

•

Sherwin Williams MIL-PRF 22750G Type I– 2.7 VOC compliant high solids two
component epoxy topcoat. Intended for use as a top coat of interior ground
equipment.

•

Union Ink Uniglaze – Two compound epoxy ink intended for application such as
printed circuit board markings and electronic equipment panels.

•

Go Green World Products Green Polyurethane – Isocyanine polyurethane paint.

Table 8 - Results of Phase 1 Testing
Company Name & Product Line

Solvent
test III:
Terpene
Defluxer

Solvent test
IV:
MEA&PGME

American Marking: JS series - Black/ Red

Solvent
test I:
Alcohol
& Mineral
Spirit
Failed

N/A

N/A

American Marking: WJ series - Black / Red

Failed

N/A

N/A

Akzonobel Spray2Fix - Black

Failed

N/A

N/A

Akzonobel Aerofine - Black

Failed

N/A

N/A

Pass

Pass

Pass

Failed

N/A

N/A

DuPont Industrial Strength - Black/Red

Pass

Pass

Pass

Green Polyurethane - White

Pass

Pass

Pass

Failed

N/A

N/A

Pass

Pass

Pass

Pass

Pass

Pass

DEFT MIL-PRF-85285– Black/ Red
DuPont 1.2 HG - White

Sherwin Williams – KEM AQUA-BP Enamel Black/ Red
Sherwin Williams – MIL-PRF 22750G Black /Red
Union Ink – Uniglaze - Black/Red
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These results also confirmed what we already know: three of the five products that
passed the test, Uniglaze, MIL-PRF-85285, and MIL-PRF22750G, have been used on
tactical equipment.

4.2

Phase 2 Test Results

Phase II consisted of further solvent testing, a humidity test, a thermal shock test, and a
cleaning system test. These test were conducted on black and red paints. Yellow and
white paints were added for the thermal shock portion to ensure the absence of
discoloration. (Please refer to Appendix F for raw results)
4.2.1

Additional Solvent Resistivity

In addition to the solvent test in Phase I, three other solvents: jet fuel, hydraulic oil, and
glycol coolant were added in Phase II to simulate some of the solvents that tactical
equipment could be exposed to. These samples were exposed to the solvent in the same
manner as Solvent III of MIL-STD- 202G method 215K. The panels were examined from
a distance of at least 6 inches with normal lighting and without the aid of magnification
for entire or partially missing panels, as well to observe if any were faded, smeared,
blurred, or shifted to the extent that they cannot be readily identified. The results are
displayed in the Table 9 and 10. No noticeable degradation was observed.
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Table 9 – Snapshot of samples in Phase II, Additional Solvent Test

Table 10 – Results of Phase II, Additional Solvent Test
Company Name & Product Line

Jet fuel

Hydraulic
Oil

Glycol +
Coolant

DEFT MIL-PRF-85285 – Black

Pass

Pass

Pass

DuPont Industrial Strength – Black

Pass

Pass

Pass

Green Polyurethane – White

Pass

Pass

Pass

Sherwin Williams
MIL-PRF 22750G – Black

Pass

Pass

Pass

Union Ink – Uniglaze – Black

Pass

Pass

Pass
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4.2.2

Thermal Shock & Discoloration Test

Thermal shock tested 5 samples, DEFT MIL-PRF-85285, DuPont Industrial Strength,
Green Polyurethane, Sherwin Williams MIL-PRF22750G Type I, and Union Ink
Uniglaze. In thermal shock testing, the results were evaluated by discoloration, visual
check, and a peel test.
Table 11 and Figure 9 show that the samples passed all testing except for Green
Polyurethane. Green Polyurethane failed due discoloration, as seen in Figure 10, and was
eliminated from further testing. Visual inspection was performed on a stereoscope under
10x magnification to observe for cracks and flaking, but none were observed. The tape
test was also performed, but all samples passed the test without flaking.

Table 11- Results of Phase II, Thermal Shock Test
Company Name & Product Line

Peel Test

Visual
Check

Discoloration

DEFT MIL-PRF-85285

Pass

Pass

Pass

132/132

DuPont Industrial Strength

Pass

Pass

Pass

132/132

Green Polyurethane

Pass

Pass

Fail

0/132

Pass

Pass

Pass

132/132

Pass

Pass

Pass

132/132

Sherwin Williams
MIL-PRF 22750G
Union Ink – Uniglaze
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(white)

Figure 9 - Snapshot of 10x magnification of Thermal Shock results

Figure 10- Discoloration of Green Polyurethane in white
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4.2.3

Humidity Test

Humidity testing was performed at Raytheon Facility in Goleta, CA using the humidity
profile observed in Figure 5. The test ran for 10 days and results were observed under
10x magnification on a stereoscope, as seen in Table 12.

Table 12 - Results of Phase II, Humidity Test
Company Name & Product Line

Visual Check

DEFT MIL-PRF-85285– Black

Pass

126/132
95.45%

Pass

DuPont Industrial Strength - Black

Pass

131/132
99.24%

Pass

Green Polyurethane - Black

Fail

0/132
0%

-

Sherwin Williams

Pass

MIL-PRF 22750G - Black
Union Ink – Uniglaze - Black

Pass

127/132
96.21%
132/132
100%

Peel Test

Pass

Pass

Figure 11 displays a snapshot of each sample. Unlike the previous test, the humidity test
did not display a 100% pass rate on all of the samples. However, at least 95% of all
samples passed the test, it was determined that the failure rate was most likely due to
surface contamination that was not properly cleaned by acetone. The peel test also did not
produce any flaking of the samples.
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Figure 11 - Snapshot of 10x magnification of Humidity Shock results
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4.2.4

Cleaning System Test

Cleaning system testing was performed in Raytheon facility in Forest, MS. Samples were
exposed to Branson B-series Degreaser with ultrasonic using Asahiklin AK-225T solvent
and Aqueous Technologies Trident batch cleaning system using Kyzen A4615. Visual
Check test indicated a 21.97% failure rate with DEFT MIL-PRF-85285, a 41.06% failure
rate with DuPont Industrial Strength, a 5.3% failure rate with Sherwin Williams MILPRF 22750G Type I, and 12.88% failure rate with Union Ink. Union Ink and MIL-PRF
22750G was found to have the highest pass rate as shown in Table 13. The failure of the
other three samples was due to missing parts in the letters. In Figures 12 and 13, a
snapshot of the samples display some of the missing parts from the samples.

Figure 12 - Snapshot of 10x magnification of Cleaning Systems Test of DEFT and
DuPont samples.
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Figure 13 - Snapshot of 10x magnification of Cleaning Systems Test of Union Ink and
Sherwin Williams samples.

Table 13 - Phase II, Cleaning Systems Test
Company Name & Product Line

Visual Check

DEFT MIL-PRF-85285– Black

Fail

103/132
78.03%

-

DuPont Industrial Strength– Black

Fail

91/132
58.94%

-

Green Polyurethane – Black

Fail

0/132
0%

-

Pass

125/132
94.70%

Pass

Pass

115/132
87.12%

Pass

Sherwin Williams
MIL-PRF 22750G – Black
Union Ink – Uniglaze – Black
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Peel Test

To determine the cutoff and to justify for the failure rates, further investigation was
needed to observe that Union Ink currently works for marking at Raytheon. Therefore,
Union Ink was determined to be a suitable control to compare the data with. By that
standard the only paint that passed the test was Sherwin Williams MIL-PRF 22750G
Type I.
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Chapter 5 – Conclusion and Future Work
Eleven product lines were tested, including epoxy, polyurethane, and water-based solvent
marking ink. Two product line, Sherwin Williams MIL-PRF-22750G Type I and Union
Ink Uniglaze, passed:
•

MIL-STD 202G Method 215K solvent test

•

MIL-STD 202G Method 107G thermal shock test

•

MIL-STD-810G, Method 507.5 humidity test

•

Cleaning Systems Test

•

ASTM D3359, measure adhesion by tape test

Sherwin Williams MIL-PRF-22750G Type I is a high solids epoxy topcoat designed for
use as a topcoat for the interior of military ground equipment. Uniglaze Epoxy ink is
designed for use on printed circuit board markings, electronic equipment panels, and
automotive/aeronautical/nautical components. As with all marking and paint related
products, these products also contain some harmful ingredients as shown in Table 14.
Comparing the composition of these two product in Table 15, the composition of Enthone
50 series ink contain far more carcinogenic compounds and reproductive toxins vs
Sherwin Williams MIL-PRF 22750G Type I and Union Ink Uniglaze. (Please refer to
Appendix B for Union Ink TDS and MSDS and Appendix C for Sherwin WIlliams TDS
and MSDS)
Given the readily availability of alternatives, and their success through all levels of
testing, it is recommended that all use and purchase of Enthone marking inks cease and
that the Union Ink Uniglaze and Sherwin Williams MIL-PRF-22750 Type I be the
replacements.
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Table 14 - Harmful Chemicals in Sherwin WIlliams MIL-PRF-22750G Type I and Union
Ink Uniglaze
Sherwin Williams MIL-PRF-22750G
Type I
Ink
Catalyst
V93V00228

Union Ink Uniglaze

Acetone
Methyl n-amyl
ketone
Diisobytyl Ketone

Epoxy Resin
Organo-titanatesquat
2-butoxyethanol

Epoxy Polymer
Non-organic
Pigments
i.e. Titanium
Oxide, Carbon
Black

Ink

2 – Propanol
4 – Nonlphenol

1,3benzendimethanamine
Polyamine
1-methoxy-2propanol acetate
Solvent naphtha

Catalyst
UGLZ-9120,
UNGL-9130
Naphtha
Polyamide Resin
Naphthalene

Butyl carbitol
acetate
Table 15 - Carcinogenic and reproductive toxin comparison of Sherwin Williams MIL
PRF-22750G Type I, Union Ink Uniglaze and Enthone 50 series product line.

Ink to Catalyst
ratio
Carcinogenic

reproductive
toxin or
suspected
reproductive
toxin

Sherwin Williams
MIL PRF-22750G
Type I
4:1

Union Ink Uniglaze

1 possible, depending
on the color
i.e. Titanium
Oxide(white),
Carbon Black(black)
0 in catalyst
0
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Enthone 50 Series

4:1 to 6:1

Varies on catalyst

0 in ink
1 in catalyst

4 in ink
catalyst: vary on the
catalyst used

0

3 in ink
catalyst: vary on the
catalyst used
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Appendix A
Memo from Under Secretary of Defense, April 8th, 2009
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Appendix B
TDS and MSDS of Union Ink: Uniglaze
TDS
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MSDS of all inks
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MSDS of Catalyst
-
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Appendix C
TDS and MSDS of Sherwin Williams
TDS
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MSDS of white Ink
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Catalyst MSDS
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Appendix D
Curing Schedule of 11 Products
Akzonobel
Spray2Fix

Aerofine	
  8250

21	
  Celsius

40	
  Celsius

70	
  Celsius

Dry	
  to	
  dust 3	
  hours
Dry	
  to	
  
handle
16	
  hours
Minium	
  
Recoat	
  time

60	
  minutes

30	
  minutes

90	
  minutes

60	
  minutes

Maximum	
  recoat	
  time

48	
  hours

Union	
  Ink	
  -‐	
  Uniglaze

Complete	
  
cure
Sherwin	
  Williams
KA	
  BP	
  Enamel

22750G	
  Epoxy

21	
  Celsius

121	
  Celsius

162	
  Celsius

12	
  hours

10-‐20	
  min.

5-‐10	
  minutes

7	
  Days
21	
  Celsius

To	
  Touch

10-‐15	
  minutes

To	
  Handle

40-‐50	
  minutes

Tack	
  Free

15-‐20	
  minutes

To	
  Sand

50-‐60	
  minutes

To	
  Touch

4	
  Hours

Dry	
  Hard
Complete	
  
Cure

30	
  minutes

8	
  Hours	
  
maximum

62.8	
  C

30	
  minutes

7	
  Days
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DEFT

85285E	
  Polyurethane	
  

Green	
  Polyurethane

Dupont	
  
HG	
  1.2

Industual	
  Strength

American	
  Marking
Wj	
  Series
JS	
  Series

21	
  Celsius

To	
  Touch

6	
  Hours

Dry	
  Hard

12	
  Hours

Dry	
  to	
  Tape

12	
  Hours

Full	
  Cure

14	
  Days

Complete	
  
Cure
Tack	
  Free
Dry	
  to	
  recoat
Hard	
  Dry
To	
  Touch
Tack	
  Free
To	
  Handle
Hard	
  Dry
Full	
  Cure
To	
  Touch
Dry	
  Hard
To	
  Touch
Dry	
  Hard

(48.9C)120F

(60C)140F

(71.1C)16
0F
(82.2C)180F

45	
  minutes

30	
  minutes

20	
  
minutes 15	
  minutes

21	
  Celsius
4	
  Days
25	
  Celsius
20-‐30	
  minutes
30	
  minutes
2	
  Hours	
  
3	
  Hours
3	
  Hours
4.5	
  hours
18	
  hours
7	
  Days
25	
  Celsius
50	
  minutes
5	
  Hours
50	
  minutes
4	
  Hours

120-‐140	
  F(48-‐60C)

15-‐20	
  Minutes
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Appendix E
Phase 1 Test Results
American Marking JS and WJ series Before and After Test
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DEFT, Akzonobel Spray2Fix, Sherwin William Photo 9 to next page
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75

Union Ink and Green Polyurethane
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DuPont 1.2 HG, DuPont IS, Aerofine before

77

DuPont 1.2 HG, DuPont IS, Aerofine After
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Appendix F
Phase 2 Test Results
Before
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10X Stereoscope After Images
Table 16 – Key to Images, Each Prefix indicates type of paint and suffix indicates panel
number.
Hx-y
H
x
y
y-1
y-2
y-3
y-4
y-5
y-6
y-7
y-8
y-9
y-10
y-11
y-12
y-13
y-14

Description
Cleaning System Test
Panel Number

Lx-y
L
x
y:
y-1
y-2
y-3
y-4
y-5
y-6
y-7
y-8
y-9
y-10

Union Ink
Union Ink
DEFT
DEFT
Green Poly
SW
SW
Union Ink
Union Ink
DEFT
DEFT
Green Poly
SW
SW
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Description
Humidity Test
Panel Number
DuPont IS
SW
Union Ink
DEFT
Green Poly
DuPont IS
SW
Union Ink
DEFT
Green Poly
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